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GRANULAR FLAME-RETARDANT 
COMPOSITION 
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15 where 

R 1 and R 2 arc ideaucal or different and are Cx-CVaikyl, 

linear or branched, and/or aryl; 
R s is Q-C^-alkylene, linear or branched, Cg-C^- 

arylene, -allcylarylene, or -arylalkylene; 
MisMg, Ca, Al, Sb,Sn, Ge, Tt> Zn, Fe,Zr, Ce, Bi, Sr, Mn, 

Li, Ha, K, and/or a protonated nitrogen base; 
m is from I to 4; 
n is from 1 to 4; 
x is from 1 to 4. 

M is preferably calcium, aluminum, or zinc. 
Protonaxed nitrogen bases are preferably the protonated 
bases of ammonia, melamine, or triethanolamine, in particu- 
lar N1V* 

Preferred meanings of R l and R* identical or different 



The present invention relates to a granular flame-retardant 
composition, and also to a process for preparing this granu- 
lar flame-retardant composition, and to the use of the com- 
position. 

Organophosphorua compounds are used as flame retar* 
dants for plastics such as polyamidcs or polyesters. 

In the abovemcntioned application sectors, the processing 
of the organophosphorus flame-retardant component can be 
made more difficult by its low bulk density. Low bulk 
density makes infeed of the materia] into continuously 
operating machines more difficult, especially in the case of 
extruders used with plastics injection molding machines. 
The result can be non-uniform dispersion of the material in 
the polymer 

DE 196 50 S63 Al describes pellets coimjmstng a ther- 
moplastic polymer, a graft polymer, a thermoplastic copoly- 
mer, and a flame retardant comprising irmnophosphoranes. 

EP 1 081 190 A 1 describes flame-retardant thermoplastic 
molding compositions comprising at least one of the fol- 
lowing components: high-molecular-weight syndiotacbc 
polymer based on vinylaromaric monomers and on polyphe- 
nylene ether, vinylaromatic amorphous polymer, and flame 2S 
retardant. 

DE 4 \ 39 625 Al describes pellets composed of polyphe- 
ny lene ether, vinylaromatic polymers, and an aromatic phos- 
phite. 

EP 0 899 36 A2 describes polymer molding composi- *o are C r C 6 -allcyi linear or branched, and/or phenyl 
sons comprising a synergistic flame retardant combination Particularly preferred meanings of R l and R , identical or 
for thermoplasric polymers, these being composed of a sail different, are methyl, ethyl, n-propyl, isopropyl, n-butyl, 
of l-hydrc*ymhydrophosphoie oxides with another compo- tert-butyl, n-pentyi, and/or phenyl 
nent from the group of benzoguanarmne, tris(bydroxyemyl) Preferred meanings of R 3 are methylene, ethylene, n-pn> 
isocyanuratc, allantoic glycohrril, and also melamine cya- 35 pytene, tsopropylene, n-butylene, usrt-buryiene, n-pentyicne, 
nurate, melamine phosphate, dimelamine phosphate, and n-octylene, or n-dodecylene, 

melamine pyrophosphate, and arnroonium polyphosphate. Other preferred meanings of R 3 are phenylene or naph- 

U.S. Pat No. S.02l,4S8 Al and VS, Pat No. 5,102,931 thylene. 
Al ascribe thermoplastic fiame-mtardam, non-dripping Other preferred meaninga of R are roetbyrphenylene, 
polyamide compositions whose preparation uses phospMrric 40 eihylphenylene, tert-butylpherryiene, metlrymaphthylene, 
esters of polyphenols, anti-dripping agents, polyfiuoroeth- ethylnaphmytene, or te^buryinaphtttyiene. 
ytene polymer, aramid, and/or zinc borate (hydrates), in a Other preferred meanings of R are phenylmemytene, 
granular or pulverulem form. phenylemyieoe, phenytpropytene, or phenylbutylene. 

U.S. Pat No. 5,191,000 Ai describes flanie-retardam The granular flame-retardant composition and/or the orga- 
non-aripping poiyaikylene terephthalate composmoas 45 nophosphorus flarxte-mtardant component also preferably 

whose rmsparation uses phosphorous esters and anti-drip- ~ —i— ~~ -w™w„ TvK " cr,KafA 

ping agents, in a granular or pulverulent form 

It was therefore an object to efcminate the disadvantages 
of the prior art and improve the process ibiHty of flame- 
retardant compositions. The invention achieves the object by so 
treating the organophosphorus flame-retardant component 
with a binder and granulating the material. Surprisingly, H 
has been found that the uniformity of dispersion of the OPF 
in the polymer is improved if the OPF is used in the form of 
melt granules. The particles have better dispersion and give 55 melamine or reaction products of melamine with phosphoric 
more effective flame-retarxknt action. Other results of me acid, and reaction products of condensation products of 
better particle distribution are seen in the surface finish and melamine with phosphoric acid, and also mixtures of the 
surface quality, which are better and have improved esthetic products mentioned Examples of condensation products of 
properties. Better mechanical strength properties are another melamine are melem, melam, or melon, and compounds of 
possible result fio this type but with a higher condensation level, and also 

mixtures of the same. One way of preparing these conden- 
sation products uses a process described in WO-A-96V 
16948. 

The reaction products with phosphoric acid are com- 
erably comprises a pbosphinic salt of the formula (I) and/or 65 pounds resulting from reaction of melamine or of the 
a diphospronic salt of the formula CD) and/or polymers of condensed melamine compounds, such as melam, melem. or 
these (component A), melon, etc, with phosphoric acid. Examples of these are 



ccmprise(8) melamine phosphate, dimelamine phosphate, 
melamine pyrophosphate, melamine polyphosphates, 
melam polyphosphates, melem polyphosphates, and/or 
melon polyphosphates. 

The granular flame-retardant composition and/or the orga- 
nophosphorus flame-retardant component also preferably 
comprises) melamine condensation products, such as 
melam, melem, andfor melon. 

Suitable substances are condensation products of 



The invention therefore provides a granular flame-retar- 
dant composition composed of an organophosphoras flame- 
retardant component and at least one binder. 
The organophosphoms flame-retardant component pref- 
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rnelamine polyphosphate, melam polyphosphate, and melcm 
polyphosphate, and mixed polysalts, eg. as described in 
PCT/WO 98/39306. The compounds mentioned have been 
disclosed previously in the literature, and may also be 
prepared via processes other Chan the direct reaction with 5 
phosphoric acid For example, mel amine polyphosphate 
may be prepared by a nietliod based on PCT/WO 98/45364, 
by reacting polyphosphoric acid and rnelamine, or by a 
method based on PCT/WO 98/03898 by condensation of t0 
rnelamine phosphate or rnelamine pyrophosphate. 

The granular fiame-rctardant composition and/or the orga- 
nophosphorus fiamc-rciardant component also preferably 
comprised) oligomeric esters of tris(hydroxyethyi) isocya- 
n urate with aromatic polycarboxylic acids, benzogoan- 
araine, tris(hydroxyethyl) isocyan urate, allantoic glycoluril, 
rnelamine, rnelamine cyanuraie, dicyandi amide, and/or 
guanidine. 

The granular flame-retard ant composition and/or the orga- 20 
nophosphoros flame-retaidant component preferably com- 
prists) nitrogen -containing phosphates of the formulae 
(NH 4 > J ^3. y P0 4 and, respectively, (NHJPO^ where y is 
from i to 3 and z is from 1 to 10 000. 

The granular flame-retard ant composition and/or the orga- 
nophosphorus ftame-retardant component preferably com- 
prise(s), as component B. a synthetic inorganic compound 
and/or a mineral product 

Component B is preferably an oxygen compound of 30 
silicon, or is magnesium compounds, is metal carbonates of 
metals of the second main group of the Periodic Table, is red 
phosphorus, is zinc compounds, or is aluminum compounds. 

The oxygen compounds of silicon are particularly pref- 3S 
erahJy salts arid esters of orthosilictc acid and condensation 
products thereof, or are silicates, zeolites, and silicas, are 
glass powder, glass/ceramic powder, or ceramic powder; the 
magnesium compounds are magnesium hydroxide, hydro- 
talcites, magnesium carbonates, or magnesium calcium car- 4 & 
bonates; the zinc compounds are zinc oxide, zinc stannatc, 
zinc hydroxystannate, zinc phosphate, zinc borate, or zinc 
sulfides; the aluminum compounds are aluminum hydroxide 
or aluminum phosphate. 

The granular flame-retardant composition and/or the orga- 45 
nophosphorus flame-retardam component preferably com- 
prises) nittogen compounds as further component C. 

The nitrogen compounds are preferably those of the 
formulae (IB) to (Vffl) or mixtures thereof 
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where 

R 5 to R 7 are hydrogen, Q-Cj-alkyl, or G,-C l4 -cyck>aikyI 
or -alky tcycioalkyl, onsubstimted or substituted with a 
hydroxy function or with a C 1 -C 4 -hydroxyalkyl func- 
tion, or are C^-Cg-alksnyl. Ct-Cg-alkoxy, -acyi, 
or -acyloxy, are CVC xr aryl or -arylalkyi, are -OR* or 
are -Nflfc 8 ^ 9 , or else N-aBcyclic systems or N-aro- 
matjc systems, 
R* is hydrogen, Cj«Q«alkyl Cs~C l6 -cycloalkyl or -alky- 
fcycioalkyl, unsubstitoted or substituted with a hydroxy 
traction or with a Q^-hydroxyalkyl function, or is 
C 2 -C 8 ^alkenyl, C l -C a -alkoxy, -acyl, or -acyloxy, or is 
C*-C u -aryl or -arylalkyt R* to R 13 are the groups of 
R 5 , or else -O-R , m and n, independently of one 
another, are 1, 2, 3, or 4, X is adds which can form 
adducts with triazine compounds (III)- 
The granular ftarne-retardant composition and/or the orga- 
nophosphorus Same-retaixiant component preferably also 
comprise(s) carbodiimides. 

The invention also includes synergistic combinations of 
the abov 



R* 



(TV) 



I 



phosphinates with certain nitrogen* 
containing compounds, these being more effective than the 
phosphinates alone as Same retardants in very many poly- 
55 mers (OE 196 14 424 Al, BE 197 34 437 At, and DE-197 
37 727 At). The fcrae-retardant action of the phosphinates 
may be improved via combination with other Same retar- 
dants, preferably with nitrogen -containing synergists, or 
with phospborus/r&rogen flame retardants. 
60 Preferred binders are aikylalkoxylates, and among these 
preference is given to the use of emoxylated alcohols, 
preferably primary alcohols, preferably having from 8 to 22 
carbon atoms, and preferahly from 1 to 80 EO units per mole 
of alcohol, the alcohol radical being linear or preferably 
63 methyl-branched at the 2-posiaon, or comprising a mixture 
of linear and methyl-branched radicals, as is usually the case 
in oxo alcohol radicals. Examples of preferred emoxylated 
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alcohols are C xl alcohols having 3, 5, 7, 8 or 11 BO units, oligocarboxyiates, C t ^ 20 *<alkyl, oxalkyl, alkenyl alkynyl 

(C i;r C l$ ) alcohols having 3, 6, 7, 8, 10 or 13 BO units, aralkyl alkylaryl or aryl) polycarboxylales, 

(C l<r C l5 ) alcohols having 4. 7 or 8 EO units, (C ltf -C ia ) Other preferred landers are monoorganyl or diorganyl 

alcohols having 8, 11, 15* 20. 25. 50 or 80 EO units, and esters of a dicarboxyhx acid; monoorganyl or dioTganyl. or 

mixtures of the same, e.g. the ®Genapol grades T80, THO, 5 triorganyl esters of a tricarboxylic acid; monoorganyl, dior- 

Tl 50, T2O0, T250, T500, T800 from aariant GmbH. The ganyl triorganyl or oligooxganyl esters of an oiigocaxboxy- 

degrees of eihoxylation given are statistical averages which lie add; monoorganyl diorganyl, triorganyl, oligoorganyl 

for a specific product may be an integer or a non-integer In or poiyorganyl esters of a polycarboxylic acid, or a mixture 

addition to these, use may also be made of fetty alcohol- of these. 

BO/PO adducts. to Other preferred binders are esters of phthalic acid, among 

Other preferred binders are caproiactam and triphenyl which are monoorganyl esters of phthalic acid and bisorga- 

phosphate. nyl esters of phthalk acid (examples of organyl being alkyl 

The binder preferably comprises ethylene glycol, propy. oxalkyl, alkenyl alkynyl aralkyl, alkylaryl or aryl), prefer- 

lene glycol and/or butykne glycol, their oligomers and/or ence being given to monoalkyl esters of phthalic acid and 

polymers and/or their ethers. IS oUalkyl esters of phthalic acid (alky! « linear, branched. 

The binder preferably comprises naturally occurring, cvclk* substituted cyclic or heterwyclic e.g, to 

chemically modified and/or synthetic waxes, preferably car- phthalate, diethyl phtfaafcte, dipropyl phthakte, driso- 

rumba waxes and montan waxes. P 1 ^* pHthalate, dibutyi phthalate, epoximzed *(2-ethyl~ 

Waxes are naturally occurring or synthesized substances P«»**; ****** 

which at 20* C are solid and loadable, and above 40- C » ^^nyl phmalate, phthalate n-tecyl Iphtt^e, 

undergo melting without decomposition and have low vis- ^l^^^^lA 

cos^The temperature at wtech waxes generally convert he*vl P *halate^ 

into the molten, tow-viscosity state is from 50 to 90» C, or m^m^eA^lTBX^ylpipcndin^ 

in exceptional cases up to about 200° C. A distinction is phthalate. 

made between naturally occurring waxes, such as camauba » » is ^Sl?^ 

wax chemically modified waxes such as monfen ester among which are monoorganyl esters of >sophihalic acid and 

waxes, and synthetic waxes, such as polyethylene waxes. bisorganyl esters of tsophmalic acid (examples of organyl 

Montan w^L^mer processing J internal and ***** ****?± * 

mvnuui wa^cs xwr F r K . . !^]TJlaI ary & preference being given to monoalkyl esters of jsoph- 

exmrr^lubncants for the processing of polyvinyl cWonde, »W ? ^Westers of is^hthalic acid (alkyl - 

polyolefins, polyamide, polystyrene Knear pdyesters, ther- ^ ^ heterocyclic 

~« - . ttMt „ , k > JL^i^a «v^* Other preferred binders are esters of terephmabc acid, 

refining or crude montan wax, which is obtained by extract- r. . , , * , f. . - A 

SthS S g SLT "fito SK -^ff^-JXrt-Wl-B alky- 

e^Iic^x H. ®Ucowa* wOT US OF. S^^H^ rs^tS^^S 

Polyethylene waxes are statable for the polymer sector ^ ^oewfic C-C, i ^ ' 

^Y C ' rabb€r ' ^ y ^^ Bxan ^ ™ ^ W8X to ^er pref^binders are esters of oxalic acid, esters of 

520, ^Ucowax PB 810, ©Lieowax VB 820 ^Ucowaxre ^ di(2,2,^trmetl>ylpipeiidi a ^yl) 

«?f* 1 ® Uoomont ^ ® Ucolub diethylinalonate, di(1^6,6^peRtamethylpi^di 

^r^-f* * w ^ ^ dibotylmalomne, m(U,2,6^i«3ttamem 

The binder preferably comprises synthetic resins, paiticu- 45 buryl(3^-dvtert-butyl-4-fay<lroxyber^l)malonate^ esters 

larly phenolic resins. According to DIN 55958, synthetic rf 8dd dK2A^Jramethyl|a>^-4-yl) 

resins are synthetic resins prepared by a polyrnerization succinate), and esters of glutaric acid (e>g. d(2^6-tetram- 

reacrjon, iJolyaoMition reaction, or polycondensarJon reac- e my^iperia1tv4-yl) glutarate). 

Uon. An example of a preferred phenolic resin is the grade (fcher preferred binders are esters of adipic acid, among 

28391 from the company Durez. J0 whicJj m ^pooj^anyi esters of adipic acid and bisorganyl 

Other suitable binders are polyethylene glycols of ^ (examples of organyl being alkyl 

U(OCH z CU 2 0) M <M with molecular weights of from 500 to oxalkyl, alkenyl, alkynyl aralkyl alkylaryl, or aryl), pref- 

40 (KX). Particular preference is given to the grades ©PEG given to monoalkyl esters of adipic acid and 

600, 800, 1000, 1 500, 2000, 3000, 4000. 6000. 8000, 10 000, <jjaliyl esters of adipic acid (alkyl » linear, branched, cyclic 

12 000,20 000, 35 000 from the company aariant GmbH. S5 so bstituted cyclk, or heterocycHc C^C^), e.g. dimethyl 

Other suitable binders are monoalkyl ethers of polyeth- adipate, diethyl adtpate, di-n-propyl adipate, ditsopropyl 

ylene glycol monoallyl ethers of polyethylene glycol and adipate, di-n-butyl adipate, diisobutyl adipate, di-tert-butyl 

monovinyl ethers of polyethylene glycol adtpate, di(n-octyl) adipate, di(2-ethylhexyt) adipate, diiso- 

Preferred binders are esters, amides, anhydrides, hydrates, decy! adipate, n-octyl adipate, 2-ethyihexyl adipate, n-decyl 

and salts of saturated aliphatic mono-, di-, tri- and polycar- 60 adipate, isodecyl adipate, QiCT^.o^tetramemylpiperidin^ 

boxybc acids. yl) adipate. 

Other preferred binders are C l -C 20 -<aikyl, oxalkyl alk* Other preferred binders are esters of pimelic acid, suberic 

enyl alkynyl aralkyl alkylaryl or aryl) monocarboxylates, acid, esters of azelaic acid (eg. rHalkyl azelate, particularly 

Ci-Cjo-Calkyl oxalkyl alkenyl alkynyl aralkyl alkylaryl dia-ethylhexyl) azelate), and esters of U34ridecarttdicar- 

or aryl) dicarboxylates, CfC^^alkyl oxalkyl alkenyl « boxylic add (brassy He acid), 

alkynyl aralkyl, alkylaryl or aryl) tricarboxylates, C l ^C 7Q - Other preferred binders are esters of sebacic acid, among 

(alkyl oxalkyl alkenyl alkynyl aralkyl alkylaryl or aryl) which are monoorganyl esters of sebacic acid and diorganyl 
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esters of sebacic acid (examples of organyl being alkyl oxalkyl alkenyl alkynyl aralkyl alkylaryl, or aryl), pref- 
oxalkyl, alkenyl alkynyl aralkvl aikylaryi, or aryl), pref- erence being given to monoalkyi esters of maleic acid and 
erence being given to monoaiky! esters of sebacic acid and dialkyl esters of maleic acid (alkyl = linear, branched, cyclic, 
cHalkyl esters of sebacic acid (aikyj « Bnear, branched, substituted cycbc, or heterocyclic C 4 -C 20 ), e.g. ch*(i -benzyl- 
cyclic, substituted cyclic, or heterocyclic Q-Cjo), eg. s i^^^tettameAy^iperioliH^yl) maleata 
dialkyl sebacate, particularly di(2-ethylhexyl) sebacate. Other preferred binders arc esters of hydroxycarboxybc 
*(2,2 t 6,5-tetian«thylpipcridin^yl) sebacate, di(t,2,2,6,6- acids, hydroxydicarboxylic acids, hydroxytricarboxylic 
penametbyljpiperidin-4-yi) sebacate, $(I,2,3,6-tetramethyl- acids, hytoxyoKgocarboxyhc acids, and/or hydroxypoly- 
2,6-dieihy!-piperidin-4-yl) sebacate, di( l-ocryloxy-2^,6,6- carboxylic acids, e.g. tartronic acid, malic acid, tartaric acid, 
tc4ramethytpxperidin-4»yl) sebacate, m'(lKryclohexyloxy-2, to citric acid, etc. 

2,6\6^tetranuithytpii)eridin-4.y t) sebacate. Other preferred binders are esters of citric acid, among 

Other preferred binders are esters of tetrahydrophthalic which are monoorganyl esters of citric acid and bisorganyl 

acid, among which are monoorganyl esters of tetrahydro- esters of citric acid (examples of organyl being aikyl, 

phthalic acid and bisorganyl esters of tetrahydrophthalic oxalkyl, alkenyl alkynyl, aralkyl sdkylaryl or aryl), pref- 

acid (examples of organyl being alky I, oxalkyl, alkenyl is erence being given to monoalkyi esters of citric acid and 

alkynyl aralkyl. alkyiaryt, or aryl), preference being given dialkyl esters of citric acid (alkyl * linear, branched, cyclic 

to monoalkyi esters of tetrahydrophthalic acid and dialkyl substituted cyclic, or heterocyclic Q-Cjo). 

esters of tetntoyfrophmitbc acid (alkyl = linear, branched, Other preferred binders are butyl epoxystearate, hexyi 

sabsntuted 3*hf, ™ heterocycUc C^-C^, e.g. di(2- epoxystearate, epoxidized soy oil epoxidized octyi tailate, 

eUrylhexyl) tetrahydrcyhthalate, 20 epoxidized octyl oteate, tetraethylene glycol di(2-ethyi- 

C^er preferred binders are esters of tetrahydroisophthalic hexoateX and triethyleneglycol d^^ethylhexoateX 

acid, among which are monoorganyl esters of tetrahydr^ Other preferred binders are esters of mono-. dB-, tri~, 

phthalic acid and bisorganyl esters of tetrahydroisophthalic ^ or pentahydric alcohols, and those of higher polyok 

acuT (exarnples of organyl being alkyl, oxalkyl alkenyl ^ y ^ # rf 

SL^i^S^' l*T™^/^ 25 J esn^of^taerytraitoL and rdxtnre? k trresTfg. 

to monoalkyi esters of tetrahydroisophthahc aad and dialkyl ^t^^u^^t^f^^ 

esters of te^hydroisophthalic add (alkyl » linear, branched, ^T^ fJ^T u 
cyclic, substitated cyclic, or heterocyclic C <r 2Q ). ° t T r ??™ binders are soifc«armde-based corn- 
Other preferred binders are esters of teu^oterepb- j" 0 ^' ^f 3 *^ "f 3 ™"** ^ 
thahc acid, among which are monoorganyl esters of tetrahy- 30 ^%l«^«^n™^ N^ycbhexyltoluenesoifona- 
droterephthaHc acid and bisorganyl esters of tetrahydrot- m ^ N.butylter^esulfor^miae, N-methylbenzene- 
erephthalic acid (examples of organyl being alkyl oxalkyl ^f^^^^^^ P ^ 
alkenyl, alkynyl aralkyl alkylaryl or aryD, preference L ^m^toWsidfbnarn^ and 
being given to monoalkyi esters of tetrahydroterephthalic N^hexyl^luer»sut&naimde, 
acid and dialkyl esters of retrahydreterephthalic acid 35 Pawned binders are glycerol, hexyl glycol and 
(alkyl * linear, branched, cyclic, substituted cyclic, or hei- modified methane prepolymer which has a weight-average 
erocyclk C l -C 20 ). molecular weight of from 400 to 2 000, preferably from 600 

Other preferred binders are esters of hexahydrophthalic 10 * 

acid, among which are monoorganyl esters of hexahydro- Other preferred binders are esters of p-hydroxybenzok 

phthalic acid and bisorganyl esters of aralkyl hexahydro- 40 ***** hexybxyothoxyethyl p-hydwixybenzoate, hexy- 

phthalic acid (examples of organyl being alkyl oxalkyl loxypropoxypropyl p-hydroxybenzoate, hexyloxybuloxybu- 

alkenyl, alkynyl aralkyl alkylaryl or aryl), preference t V 1 n^ydroxybenzoate, octytoxyethoxyethyl r^hydroxyben- 

being given to monoalkyi esters of hexahydrophthalic acid 20ate » octywxypn^xypropyl p-hydroxybenzoate, 

and dialkyl esters of hexahydrophthalic acid (alkyl ■ linear, octyloxybutoxybutyl p-hydroxybenzoate, r-ethylhexyk>xy- 

branched, cycbc, substituted eyebe^ w 45 ethoxyethyl p-hytoybenzoate, 2 , -ethylbexy!oxypro- 

e.g. di(2-ethylhexyt) hexahydrophthalate, ~ poxypropyl r^ydroxybenzoale, y-ethylhexyloxybutoxybo- 

Other preferred binders are esters of hexahydroisoph- W p^ydroxybenzoate, decyloxyethoxyethyl 

thalic acid, among which are monoorganyl esters of hexahy- p-hydroxybenzoate, decyloxypropoxypropyl r>hydroxyben- 

o^sophmalic acid and bisorganyl esters of aralkyl hexahy- decyfoxybutoxytratyl p-hydroxybenzoate* 

droisophthalic acid (examples of organyl being alkyl so Other preferred binders are alkyl eslers of p-hydroxyben- 

oxalkyl, alkenyl alkynyl, alkylaryl or aryl), preference »ric arid, eg. octyl p-hydroxybenzoate, 2-ethylhexyl p-hy- 

being given to monoalkyi esters of hexahydroisophthalk droxybenzoate, heptyl p-hydroxybenzoate, 2-ethyIdecyt 

acid and dialkyl esters of hexahydroisophthaHc acid (alkyl m p-hydroxybenzoate, 2-octyloctyl p-hydroxybenzoate, and 

linear, branched, cyclic, substituted cyclic, or heterocyclic 2-decyldodecyl p-hydroxybenzoate. 

Ci-Cjo). 55 Other preferred binders are phenols, such as beta-naph- 

Other preferred binders are esters of hexahydrotereph- thol dibenzy phenol, and ocrylcresol. 

thalic acid, among which are monoorganyl esters of hexahy- Phosphorus compounds of oxidation state +S which may 

droterephthaHc acid and bisorganyl esters of hexahydrot- be used are especially alkyl- and aryl-sebstituted phos- 

erephthalic acid (examples of organyl being alkyl oxalkyl phates. Examples are phenyl bisdodecyl phosphate, phenyl 

alkenyl alkynyl aralkyl alkylaryl or aryl), preference 60 ethyl hydrcgenphosphate, phenyl bis(3,5^-trimemylhexyl) 

being given to monoalkyi esters of texahydroterephthalic phosphate, ethyl dipheny! phosphate, 2-etbylhexyl di(tofyl) 

acid and dialkyl esters of hexahydroterephthalic acid phosphate, diphenyl hydroger^hosphate, bis(2 -ethylhexyl) 

(alky! a linear, branched, cyclic, substitated cyclic, or bet- p-tolyl phosphate, tritolyl phosphate, bis(2-ethylhexYl) phe- 

erocyclic ^-C^. nyl phosphate, di(nonyl) phenyl phosphate, phenyl methyl 

Other preferred binders are esters of maleic acid, among 65 hydrogenphosphate, di(dodecyl) p-tolyl phosphate, p-tolyl 

which are rooijoorganyl esters of maleic acid and bisorganyl bis(2,5»5-uirnemylhexyl) phosphate, or 2-ethylhexyl diphe- 

esters of maleic acid (examples of organyl being alkyl nyl phosphate. Trrphenyl phosphate, and resortinol bis 
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(dtphenylrmosphate)(Itf)P)^ The product mixture initially produced is dried in a 
rives are very particularly suitable. suitable dryer, and. respectively, annealed to continue build- 
Other preferred binders are ui(butDxyethyl) phosphate, up of the grains. Dryers of the invention may be: fiuidired- 
trioctyl phosphate, iricresyl phosphate, 2-ethyibexyl diphe- bed dryers from the company Hosokawa Schugi (Schugi 
ny] phosphate, cresyf diphenyl phosphate. 5 Fluid-Bed, Vometee fluidized-bed dryers), fluidized-bed 
Other preferred binders are organic salts of polyvalent dryers from the company Waldner or from the company 
metals, particularly preferably organic salts of elements of Glatt, tmto-fluidized-bed dryers mom the company Wald- 
the second, third, or fourth main group, or of the second ner, spin- flash dryers from the company Anhydro, or else 
transition group, panicutarfy of the elements magnesium, drum dryers. 

calcium, strontium, barium, zinc, cadmium, aluminum, tin, to Preferred operating conditions in the ftuidized-bed dryer 

lead. Particular preference is given to enrboxybe acids are: air mlet temperature from 120 to 280° C, product 

having at least 12 carbon atoms, dodecanoic acid (Iauric temperature from 20 to 200* C 

acid), coconut acid, tetradecanoic acid (myristic acid), hexa- In one embodiment, the inventive granular flame-retar- 

decanoic acid (palmitic acid, cetylk acidX octadecanok acid dant composition may be prepared by melting the organo- 

(stearic acid), ds-9-octadecenoic acid (oleic acid), rrans-9- ts phosphorus flame-retardant component with a binder, and 

octedecenoic acid (elaidic acid), eicosanoic acid (arachidic freeing the material in the form of drops. The melting 

acid), docosanoic acid (behenic acid). process may take place in a taeader, in a stirred tank, or in 

The median particle size of the organophosphorus flame- similar assemblies. It is preferable to freeze the melt in a 

retardant component is from 0.1 to 1 000 Mm, preferably miidized bed, palletizing pan, or on a metal belt 

from 1 to 100 urn. 20 The residual moisture level of the inventive granular 

The median particle size of the granular flame-retardant flame-retardant composition is from 0.01 to 10%, preferably 

composition is from 100 to 10 000 Mm, preferably from 200 from 0.05 to 1%. 

to 2 000 um. The invention also provides a flame-re tardant polymer 

The preferred bulk density of the organophosphorus molding composition which comprises me inventive granu- 

flame-retardant component is from 80 to 800 g/1, particularly 25 tar flame-retardant composition. 

preferably from 200 to 800 g/L The flarnc-rctardant polymer molding composition prof 

The preferred bulk density of the granular flame-retardant erahry oomprises from 1 to 50% by weight of granular 

composition is from 200 to 1 500 g/1, particularly preferably name-retardanr composition, from 1 to 99% by weight of 

from 300 to 700 g/1. thermoplastic polymer or a mixture of die same from 0 to 

The preferred ratio of the amount of binder to mat of 30 ®M> by weight of additives from 0 to 60% by weight of 

orgar«mr»s#KH-us component is from 1:99 to 1:0.1 U pref- 

erabiy from 1:49 to 1 .OJ25, particularly preferably from 1:19 The flame-retardant polymer molding composition par- 

to 1:1. actually preferably corrrr^ises from 5 to 30^ by weight of 

The melling/drop point of the binder is preferably from 50 granular flame-retardant composition, from 5 to 90% by 

to 200? C 33 weight of thermoplastic polymer or a mixture of the same 

The preferred process for preparing the granular flame* 5 to 4096 b ? of additives from 5 to 40% by 

retardant amroosirion of the invention is melt agglomera- Wghl °f & l]£L 

tion, In this process, a binder is partially melted via exposure The flame-retardant polymer molding composition pref- 

to external heat and via hear generated by shear forces. This ^ also comprises component B and/or C, as described 

acts in combination with the shear forces introduced to above - 

enlarge rite solid particles. In the agglomerates which form, The thermoplastic polymers are preferably HI (high- 

the solid particles are held together via binder bridges which impact) polystyrene, polypheny lene ethers, polyamiales, 

form, ' polyesters, polycarbonates, or blends or polyblends of the 

In one embodiment, the inventive granular flame-retar- 45 re P resenlcd bv (acrylwurjte^ 

dam composition may be prepared by adding, in a suitable °* *°AB$ (r* iycaiboriate^^ 

mixer, the binder in liquid form to the organophosphorus The thermoplastic polymers are particularly preferably 

n^-reiardant component, which has been set in motion, polyamide, polyester, or ABS. 

and mixing for from 0.01 to 1 hour at from 50 to 300° C. Finally, the invention also provides polymer moldings. 

In one embodiment, the inventive granular flame-retnr- sn P°^ mer filma » poiynier filaments, or polymer fibers, com- 

dant composition may be prepared by adding, in a suitable P" sm 8 me grenular flame-retardant composition of the 

mixer, the solid binder to the organophosphorus flame- invention. 

retardant component, which has been set in motion, mixing The polymer of the polymer moldings, polymer films, 

for from 0.01 to 1 hoar at 50 to 300° C, and, previously/ polymer filaments, or polymer fibers is a thermoplastic or 

simaltaneously/subsequently heating to the melting point of ss thermoset polymer 

binder " The thermoplastic polymers are preferably HI (high- 

Suitable mixers may be: plowshare mixers from the impact) polystyrene, polypheny lene ethers, polyandries, 

company LSdige, rotating -disc mixers from the company polyesters, polycarbonates, or blends or polyblends of the 

I^fidige, (e.g, CB30), Flexomix mixers from the company type represented by ABS (aa^bnirrile-bnfadiene-styreneX 

Schugi, HEC rotaring-disc mixers from the company Niro, 60 or PC/ ABS (r^ycarbonate/acr>tonM 

rotating-disc mixers (e.g. K-TTE4) from the company Drais, polyamide, polyester, and/or ABS. 

Mannheirn, Germany, Eirich mixers (e.g. R02), Telschig Preferred thermoplastic polymers are polyethylene (PE), 

mixers (WPA6), Haaf mixers, (the last two mixers using the polypropylene (PP), polystyrene (PS), polyvinyl chloride 

free-tall principle of operation), zig-zag mixers from the (PVQ, potyacrylomtrile (PAN), and poryacryfates. 

company Niro, and mixers from the company Nauta, in 6$ The fjjennoset polymers are preferably formaldehyde 

which the mix is circulated by a screw, using the Archimedes polymers, epoxy polymers, meiamine polymers, or phenolic 

principle. resin polymers, and/or polyuremanes. 
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The polymer moldings, polymer films, polymer filaments, is metered in automatically, and after 10 mm me particle site 

or polymer fibers preferably comprise from 1 to 50% by distribution is determined. Hie evaluation unit of the equip- 

weight of granular flame retardant composition, from 1 to men! calculates the d M value and the d w value, 

99% by weight of polymer or a mixture of the same from 0 Preparation, processing, and testing of flame-retardant 

to 60% by weight of additives from 0 to 60% by weight of 5 compounded materials and polymer moldings 

filk*- The flame-ratatdant components are mixed with the poly- 

The polymer moldings, polymer films, polymer filaments, ^ granules and, where appropriate, with additives, and 

or polymer fibers particularly preferably comprise from 5 to incorporated in a twin-screw extruder (Leistritz LSM 30/34) 

30% by weight of granular fiame-retardant composition, a i temperatures of from 230 to 260° C (GR PBT) and, 

from 5 to 90% by weight of polymer or a mixture of die to respectively, from 260 to 280° C (GR PA 66). The homog- 

same from 5 to 40% by weight of additives from 5 to 40% emzed polymer strand is drawn off, cooled in the waterbam, 

by weight of filler. ^ men graduated. 

The inventive granular flatne-retardam composition is ^ adequate drying, the molding compositions are 
preferably used in compounded materials which are in mm j^^ed on an injection molding machine (Aarburg All- 
used to produce po ymer moldings. is rounder) at melt temperatures of from 240 to 270° C. (GR 

The invention also includes polymer moldings which PBX) andr respectively, from 260 to 290° C (GR PA 66) to 

comprise the inventive granular ffame-retardant compost- give test specimens, and tested and classified for flame 

tlo Hl a , t . , , retardancy, using the UL 94 test (Underwriters Labcrato- 

The name-retardant components may be lricorporated into j^ s \ 

thermoplastic polymers, for example by preraixing all of the 20 Sample I (inventive) 

constituents in the form of powders and/or granulated mate. 276 g of aluminmn 4ethybhosphmate (median particle 

ml TJZ^^^lTT^n ^X^Z? diameter^ ^3^^ 224 g of ^Lico^E 

in a compounding assembly (e.g. a twin -screw extruder). , _ xn^Ju y^ZLL-. u~*J? %*s.4«~ ; „ Mn 

The melt is usually drawn off in the form of a strand, cooled. in an Hmch laboratory mixer, and heated, l^xing is con- 

and m»tiM™i t**> m «,nf« ™™ atcrt i„^4„I^ unuod until the granulation process begins. The raw material 

and peHetized. The components may also be introduced 25 . ^ ^ ^ * &A%\n weight of correct, 

separately by way of a feed system directly mto the com- ^^t^^^f^^l^Z^ Ls 

pounding assembly. Sl2£ ^ (from 400 to I 400 um). 

It is also possible to admix the flame-retardant additions Example 2 (mvenuve) 

with ready-to- use polymer pellets and, respectively, ready- 1 394 g of aluminum diewylphosphinaie are mixed with 

to-ose polymer powder, and to process the mixture directly so 106 g of ®Ucowax B in an Eirich laboratory mixer, and 

in an injection-molding machine to give moldings. heated. Mixing is continued until the granulation process 

Preferred filters are glass (preferably in bead form or in ^ mw « 000164 find a*** 1 ™ 5 g» w » 

fiber form), oxides and/or hydroxides of the elements of the 367% °y of correct-size melt granules (from 400 to 

second or third main group of the Periodic Table of the 1 400 "*)• 

Elements (preferably aluminum and magnesium), phyuV 3S Example 3 (inventive) 

silicates, and clay minerals, e.g. ben torn tes, montmorillo- 1 470 g of aluminum diethylphosphinate are mixed with 

nites, hectorites, saponites, precTpitated/mmedVcrystalline/ 30 g of ©Licowax B in an Eirich laboratory mixer, and 

amorphous silicas, chalk. heated. Mixing is continued until the granulation process 

Preferred additives are synergists, antioxidants, light sta- begins. The raw material is cooled and sieved This gives 

bi Users, lubricants* colorants* nucleating agents, or antistatic 40 13% by weight of correct-size melt granules (from 400 to 1 

agents. Examples of additives which can be used are given 400 yrn). 

m EP 0 5g4 567 AI, Example 4 (inventive) 

The invention also provides an mtumescent flame-retar- 1 395 g of alurrnnura diethylphosphinate (median particle 

dant coating comprising at least from 1 to 50% of granular diameter d^ ^6 um) are nu^w^ 

fiame-retardant composition from 0 to 60% of ammonium 45 520 in an Eirich laboratory mixer, and heated. Mixing is 

polyphosphate. continued until the granulation process begins. The raw 

Experimental section material is cooled and sieved This gives 36.6% by weight 

Determination of particle size distribution in the granular of correct-size melt granules (from 400 to i 400 ^m). 

fl^retardantcompositionofU.efa^donby^analy. 5 (mvendve) 

tu«. ;„ - . . . . _ . 1 395 g of aluminum diethyfohosphirtate are mixed with 

^Thw tT^ 105 g of lucoinb WrttFIin an EricSkboratorv mixer, and 

^is^^L ^JZ JZ? £ the «eves here ^ ^ is wminued ^ the granulation process 

o>crcasw from the top to me bottom. 50 g of the powder to ^ ^ £ material is cooled and sieved This gives 

be tested are applied to the widest sieve. The vibratory 5 m 

movement of the sieving machine causes the puWerS 55 am**mw*9m**frmLimm 

maierial to move through the various sieves. The residues on _ , . , . 

the sieves are weighed, and a calculation is made to relate Example 6 (mvenuve) 

these to the weight of material used Prom the values ft is I 425 g of aluminum diethylphosphinate are mixed with 

possible to calculate the d^ value. 75 % °* ®Genapol TS00 in an Eirich laboratory mixer, and 

Determination of particle size distribution using the 60 hearedL M«mg is continued until the granulation process 

Micro trac Granubxneter begins. The raw material is cooled and sieved This gives 

Particle size in aqueous dispersion is determined with the ^ % bv wei Snt of correct-size melt granules (from 400 to I 

aid of a Micro trac ASVR/FRA Granulometcr from the 400 um). 

company Leeds and North nip. The degree of reflection or Example 7 (inventive) 

scattering of a laser beam is measured as it penetrates the 65 I 425 g of aloimnum diemyrphosphinate are mixed with 

dispersion. For this, 400 ml of ethanol are pumped through 75 g of $PEG 6000 in an Erich laboratory mixer, and 

the laser measurement cell The solid specimen (eg. 70 mg) heated Mixing is continued until the granulation process 



Page 9 of 13 



US 7,148,276 B2 



13 



begins. The raw material is cooled and sieved This gives 
32,1% by weight of correct-size melt granules (from 400 to 
1 400 um). 
Example 8 (inventive) 

I 500 g of Metapur®MP mefomine polyphosphate 5 
(melamine phosphate) from the company DSM Melapur, NL 
are mixed with I S00 g of ataminum diethylphosphinale for 
5 mm in a Mohan mixer. 

Example 9 (inventive) 

1 425 g of organophosphorus fiarac-rctardant component to 
from example 8 are mixed with 75 g of ®Licowax 6 in an 
Eirich laboratory mixer, and heated. Mixing is continued 
until the granulation process begins. The raw material is 
cooled and sieved. This gives 29.8% by weight of correct- 
size melt granules (from 400 to 1 400 urn). 

Example 10 (inventive) 

750 g of aluminum diethy^phosphinate are mixed with 
750 g of Durez resin grade 28391 in a laboratory kneader, 
and melted. The melt is transferred dropwise to a metal bell, 
and freezes. This gives fiat, drop-shaped pellets with a 20 
diameter of about 6 mm. 

Example U (comparison) 



14 



Example 12 (inventive) 

In accordance with the general specification, a mixture of 
$73% by weight of nyion-6 t 6 (®Ullramid A3). 30% by 
weight of glass fibers (OWetrotex EC tO 4.5 mm 98 A), and 
12.5% by weight of granular ftame-retardant composition 
from example I is cast to give test specimens. Visual 
sampling reveals that me test specimen surface is free from 
inhomogeneities. In the UL 94 fire test, V-0 classification is 
achieved 
Example 13 (inventive) 

In accordance with the general specification, a mixture of 
573% by weight of nylon-6,6 (<8>Ultrarnid A3), 30% by 
weight of glass fibers (®Vetrotex EC 1043 mm 98 A)» and 
123% by weight of granular flame-retardant composition 
15 from example 4 is cast to give test specimens. Visual 
sampling reveals that the test specimen surface is free from 
inhomogeneities. In the UL 94 fire test, V~0 classification is 
achieved. 
Example 14 (inventive) 

20 parts of the fiame-retardant from example 1 are mixed 
with 50 parts of polybutylene terepbthalate pellets and 30 
parts of glass fibers, and incorporated in a twin-screw 
extruder (Leistritz LSM 30/34) at temperatures of from 230 
to 260° C. (GR PBT)< The homogenized polymer strand is 



In accordance with the general specificarion, a mixture of 
57.5% by weight of nybn-6,6 (®Ultramid A3), 30% by 

weigh! of glass fibers (®Vem>tex EC 10 4.5 mm 98 A), and 25 drawn off, cooled in a water bath, and then peUetized After 

123% by weight of aluminum diethylphosphinate is cast to adequate drying, the pellets are processed on an injection 

give test specimens. Visual sampling reveals while inhomo- molding machine (Aarburg Afirounder) at melt temperatures 

geneities on the test specimen surface, ft^ormance in the offrom 240 to 270° C.(GR TOT) to grve moldings. lathe UL 

UL 94 fire test is inadequate for V-l classification, 94 fire test, the V-0 classification is achieved 
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The invention claimed is: 

1. A granular fome-retardant composition comprising an 
organophosphorus flame-retardant component, and of at & 
least one binder wherein the at least one binder is selected 
from the group consisting ofaikylaikoxylates having from 8 
to 22 carbon atoms and from I to 80 EO units per mole of 
alcohol, caprolactam, niphenyl phosphate, ethylene glycol, 
propylene glycol, batylene glycol, oligomers of ethylene 
glycol, propylene glycol or butylene glycol, polymers of 
ethylene glycol, propylene glycol or batylene glycol, ethers 
of ethylene glycol, propylene glycol or butylene glycol, 
wherein the organophosphorus flame remrdant is selected 
from the group consisting of a phosphinic salt of the formula 36 
OX a diphosphinic salt of the formula (11), a polymer of the 
phosphic salt of formula (I), a polymer of the ^phosphinic 
salt of formula (II) and mixtures thereof (component A), 



35 



O 

>- 
R 2 



I f 

r 



40 



45 



50 



S3 



where 

R l and R 2 are identical or different and are C & -Q-alkyl 

linear or branched, or aryl; 
R 3 is C r C l{r aikylene, linear or branched, (VC l0 - 

arylene, -aikylaryiene, or -arylalkylene; 
M is Mg, Ca, AI, Sb, Sn, Ge, Ti, Zn, Fe, Zr, Ce, Bi, Sr, Mn, 

Li, Na, K, or a proton ated nitrogen base; 
m is from I to 4; 
n is from I to 4; 
x is from 1 to 4. 

2. The granular flame-mtardant composition as claimed in 
claim 1, wherein M is calcium, aluminum or zinc. 

3. The granular flame- re tardam composition as claimed in 
claim I, wherein R l and R 2 are identical or different and are 
Q-Q-alkyl, linear or branched, or phenyl. 

4. The granular flame- re taidani composition as claimed in 
claim 1, wherein R l and R 2 are identical or different, and are 64 
methyl, ethyl n-propyl isopropyl, n-butyl. tert-butyl, n-pen- 
fyl or phenyL 



60 



5. The granular flame-retardant composition as claimed in 
claim 1, wherein R 5 is methylene, ethylene, n-propylene, 
isnpropylene, n-burytene, tert-butyleue, n-pentytene, n-oc- 
tylene, or n-dodecylene; pheoylene; naphihylene; mem- 
ylphenylene, ethylphen ylene, tert-bulylpheny lent, methyl- 
napthylene, ethylnaphthylene,; tert-butylnaphthylene; 
phenytmethlene, phenylethylene, phenylpropylene, or phe- 
nylbutyleoe. 

6. A granular flame-retaTdant composition comprising an 
organophosphorus name-re tardant component, and of at 
least one binder wherein the at least one binder is selected 
from the group consisting ofaikylaikoxylates having from 8 
to 22 carbon atoms and from 1 to 80 BO units per mole of 
alcohol, caproiactam, triphenyl phosphate, ethylene glycol 
propylene glycol, butylene glycol, oligomers of ethylene 
glycol propylene glycol or butylene glycol polymers of 
ethylene glycol propylene glycol or butylene glycol ethers 
of ethylene glycol, propylene glycol or butylene glycol and 
wherein the composition further comprises a compound 
selected from the group consisting of melamine phosphate, 
drnielamine phosphate, melamine pyrophosphate, melamine 
polyphosphates, melam polyphosphates, melem polyphos- 
phates, and melon polyphosphates. 

7« A granular Sarne-retardant composition comprising an 
organophosphorus flame-retardant component, and of at 
least one binder wherein the at least one binder is selected 
from the group consisting of a&ylalkoxylates having from 8 
to 22 carbon atoms and from 1 to 80 EO units per mole of 
alcohol caproiactam, triphenyl phosphate, ethylene glycol 
propylene glycol batylene glycol, oligomers of ethylene 
glycol, propylene glycol or butylene glycol polymers of 
ethylene glycol propylene glycol or batylene glycol ethers 
of ethylene glycol propylene glycol or butylene glycol and 
wherein the composition further comprises at least one 
melamine condensation product selected from the group 
consisting of melam, melem, and melon, 

8. The granular flame-retardant composition as claimed in 
claim 1, wherein the composition further comprises a com- 
pound selected from the group consisting of oligomeric 
esters of triaChydroxyethyl) isocyarmrate with aromatic 
polycarboxybc acids, berjzoguanamine, tris(hydroxyethyl) 
isocyanurate, aHantoin, glycoluril melamine, melamine 
cyan urate, m'cyandiamide, and guanidine. 

9. A granular flame-retardant composition comprising an 
organophosphorus flame-retardant component, and of at 
least one binder wherein the at least one binder is selected 
from Use group consisting ofaikylaikoxylates having from 8 
to 22 carbon atoms and from 1 to 80 EO units per mole of 
alcohol caproiactam, triphenyl phosphate, ethylene glycol 
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propylene glycol, butylene glycol, oligomers of ethylene 
glycol, propylene glycol or butylene glycol polymers of 
ethylene glycol, propylene glycol or butylene glycol, ethers 
of ethylene glycol, propylene glycol or butylene glycol and 
wherein the composition further comprises nitrogen -con- 
taining phosphates of the formulae (NH 4 ) y H,,^ > 0 4 and, 
respectively, (NH^PO^ where y is from 1 to 3 andzisfrom 
i to 10 000. 

10. A granular flame -retardant composition comprising an 
organophosphorus flameretardant component, and of at 
least one binder wherein the at least one binder is selected 
from the group consisting of alkylalkoxylates having from 8 
to 22 carbon atoms and from I to 80 BO units per mole of 
alcohol, capro lactam, triphenyl phosphate, ethylene glycol, 
propylene glycol, butylene glycol, oligomers of ethylene 
glycol, propylene glycol or butylene glycol, polymers of 
ethylene glycol, propylene glycol or butylene glycol, ethers 
of ethylene glycol, propylene glycol or butylene glycol and 
wherein the composition farther comprises as component B, 20 
a compound selected from the group consisting of a syn- 
thetic inorganic compound and a mineral produce 

11, The granular flame-retardant composition as claimed 
in claim 10, wherein component B is selected from the group 
consisting of an oxygen compound of silicon, magnesium 
compounds, metal carbonates of metals of the second main 
group of the Periodic Table, red phosphorus, zinc com- 
pounds, and aluminum compounds. 

IX The granular flame-retaniant composition as claimed 30 
in claim 11, wherein the oxygen compounds of silicon is 
selected from the group consisting of salts and esters of 
orthosibac acid and condensation products thereof; sili- 
cates, zeolites, silicas, glass powder, glass/ceramic powder; 
and ceramic powder, wherein the magnesium compounds 35 
are selected from the group consisting of magnesium 
hydroxide, hydrotalcites, magnesium carbonates, and mag- 
nesium calcium carbonates; wherein the zinc compounds are 
selected from the group consisting of zinc oxide, zinc 
stannate, zinc hydroxystatmate, zinc phosphate, zinc borate, 40 
and zinc sulfides; and wherein the aluminum compounds are 
selected from the group consisting of aluminum hydroxide 
and aluminum phosphate. 

13. The granular Mame>retardant composition as claimed 
in claim 1, wherein the composition further comprises at 
least one nitrogen compound as further component C. 

14. The granular flame-retardant composition as claimed 
in claim 13, wherein the nitrogen compounds are those of 
the formulae (III) to (VTH) or mixtures thereof 
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R s to R 7 are hydrogen, CVCraikyl « C^ $ ^doalkyl 
or -allrylcycioaikyl, unsubstimted or substituted with a 
hydroxy function or with a C v ~C 4 -hyaroxyalfcyl func- 
tion, C^-CValkenyU C l -C 6 *alkoxy, -acyi, -acyloxy, 
Q~-C ir aryl -arylalkyl, — OR*, — N(R*)R 9 , N-alicy- 
cHc systems or N-aromaiic systems, 

R 8 is hydrogen, C v -C 8 -alkyl, C 5 -C, <r cycloalkyl or -alky- 
kycioalkyl, unsubsrituted or substituted with a hydroxy 
function or with a Cj~C 4 *hydroxyalkyl function, 
Ca-Q-aiKenyl, C t -C a -alkoxy, -acyU -acyloxy, 
Q-C l2 -aryl or -arylalkyl, 

R 9 to R w are the groups of R 8 , or — O-^R 8 , 

m and n, independently of one another, are 1, 2, 3, or 4, 

X is an acid which can form adduces with triazine com- 
pounds (111). 

15. A granular flame-retardant composition comprising as 
onganophosphorus flame-retajdant component, and at least 
one binder, and wherein the composition further comprises 
at least one carbocblmide. 

16. A granular flame-retardant composition comprising an 
organophosphorus flame-retardant component, and at least 

53 one binder, wherein the at least one binder comprises 
alkylalkoxylates having from 8 to 22 carbon atoms and from 
1 to 80 EO units per mole of aicohoL 

17. A granular flame-retardant composition comprising an 
organophosphorus flame-retardant component, and of at 

60 least one binder, wherein the at least one binder is selected 
from the group consisting of caprolactam and triphenyl 
phosphate, wherein the organophosphorus flame reiardanr is 
selected from the group consisting of a phosphimc salt of the 
formula (I), a cHphosphinsc salt of the formula (H), a polymer 

65 of the phospMc salt of formula (I), a polymer of the 
diphosphate salt of formula (11) and mixtures thereof (com- 
ponent A), 
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where 

R l and R 2 are identical or different and are C^-alkyl, 15 ^J^nL* 

linear or branched, or aryl; 
R 3 is C x -C w -alkytene, linear or bmnched, (VC l0 - 

arylene, -alkyiarylene, or -arylalkylene; 
M is i Mg, Ca, Al, Sb, Sn, Gt^ Ti, Zn, Fe, Zr, Ce, Bi, Sr, Mn, 

U, Na, K, or a protonated nitrogen base; 
m is from 1 to 4; 
n is from 1 to 4; 
x is from i to 4. 

18. A granular flame-retardant composition comprising an as 
organophosphorus flame-retardant component, and of at 
least one binder, wherein the at least one binder is selected 



26. The fiame-retaidant polymer molding composition as 
claimed in claim 24, farther comprising 

from 5 to 30% by weight of granular flame-retard am 
composition, 

from 5 to 90% by weight of the thermoplastic polymer or 

a mixture of thermoplastic polymers, and 
from 5 to 40% by weight of filler. 

27. The flame-retardant polymer molding composition as 
claimed in claim 24, further comprising at least one of at 
least one nitrogen compound and a synthetic inorganic 
compound or mineral product 

2& The flame-retardant polymer molding composition as 
claimed m claim 25, wherein the thermoplastic polymer or 
KTOlastic polymers are selected from the 
group consisting of HI (high-impact) polystyrene, polyp he- 
nylene ethers, polyaimdes, polyesters, polycarbonates, and 
blends or polyblends represented by ABS (acrykmitrile- 
buiadiene-sryreneX or PC/ ABS (polycarbonate/acryloni- 
20 trite-butadiene-sryrene). 

29. The flame-retardant polymer molding composition as 
claimed in claim 25, wherein the thermoplastic polymer or 
the mixture of thermoplastic polymers are selected from die 
group consisting of polyamide, polyester, and ABS. 

30. A polymer article comprising a granular flame-retar- 



dant composition as claimed in claim 1, wherein the article 
is selected from the group consisting of a polymer molding, 
a polymer film, a polymer filament and a polymer fiber. 

31. A polymer article as claimed in claim 30; wherein the 



from the group consisting of ethylene glycol, propylene 
glycol, butylene glycol, oligomers of ethylene glycol, pro- 
pylene glycol or butylene glycol polymers of ethylene 30 po^Tal^p^wm^oit pofymel 
glycol propylene glycol or butylene glycol, ethers of ettV ^- A . w ^ , . , . * ' . . . 

ylene glycol, propylene glycol or butylene glycol and mix. « 3X A f 0 ^ , 1 d f t ^ ^^bj^ , 
tures hereof 3 thermoplastic polymer is selected from HI (high-impact) 

19. Hie granular flame-retanJant composition as claimed ^l^^^ 1 ^^^ 6 cd ! B 5 ^^J^T^ 
*~ t t! " un 88 r, . polycarbonates, or blends or polyblends represented by ABS 

rn^ m ^ 0mp0&lh ° n ^ 8 vM ^ 35 ^^nhM^yrZl or Pa/^(polycarbor> 

? p Mm ' ^ . . . . ate/acrylonifcrile-butadiene-styrene), polyamide, polyester, 

20. The granular flame-retardant cornposinon as claimed and ABS 

der^of^rS ^Z?^ *** ** bU& 33. A polymer article as claimed in claim 31, wherein the 

density** from 200 to i 500 #1. UHermoset polymer is selected from the group consisting of 

21. The granuiar flaiu^retaitte composition as claimed «> fennddehyde polymers, epoxy polymers, melaraine poly- 
tn claim 1; wherein the ratio of the amount of the at least one „ «L.Jk~ — «« -JL^lJT-i* ^w^a—. 
binder to that of the organophosporus flairuMretaidant com- 
ponent is from 1:99 to 1:0.11. 

22. A process for preparing granular flame-retardant com- 
position, comprising the steps of adding, in a mixer, at least 45 
one binder in liquid form to an organophosphorus flame- 
retardant component, which has been set in motion, and 
mixing for a time period of from 0.01 to 1 hour at a 
temperature between 50 to 300° C. 

23. A process for preparing granular flame-retardant com- 
position, comprising the steps of adding, in a mixer, at least 
one binder in solid form to an organophosporus fiame- 
retardant component, which has been set in motion, mixing 
at a temperature from 50 to 300° C. for from 0,01 to 1 hour, 
and during the process heating to the melting point of the at 55 
least one binder. 

24. A flame-retardant polymer molding composition com- 
prising a granular flame -retard ant composition as claimed in 
claim 1. 



so 



mers, or phenolic resin polymers, and |»iyoreihane$. 
34 A polymer article as claimed in claim 30, comprising 
from I to 50% by weight of granular flame-retardant 
composition, 

from 1 to 99% by weight of polymer or a mixture of 
polymers, and 

from 0 to 60% by weight of filler. 

35. A polymer article as claimed in claim 30, comprising: 

from 5 to 30% by weight of granular flame-retardant 
composition, 

from 5 to 90% by weight of polymer or a mixture of 

polymers, and 
from 5 to 40% by weight of filler. 

36. The granuiar flame-retardant composition as claimed 
in claim. 1, wherein the at least one binder is selected from 
the group consisting of camauba waxes and rnontan waxes, 



37. A granular flame-retardant composition comprising an 

25. The flame-retardant polymer molding composition as 60 component, and of at 

,> A • . . ,4 k^uL ' . - 5 *^ least one binder, wherein the at least one binder comprises 



claimed in claim 24 further comprising 

from I to 50% by weight of granular flame-retardant 
composition, 



lie resins, wherein the organophosphorus flame re tar- 
dant is selected from the group consisting of a pbosphinic 
salt of the formula (IX a diphosphinic salt of the formula (II), 



from i 10 99% by weight of thermoplastic polymer or a « a polymer of the phosphfc salt of formula 0), a polymer of 



mixture of thermoplastic polymers, and 
from 0 to 60% by weight of filler. 



the diphosphinic salt of formula (II) and mixtures thereof 
(component A), 
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where 

R* and R 1 are identical or different and are Cj-Cg-alky^ 

linear or branched, or aryl; 
R 3 is Cj-C, G -alkyIene, linear or branched, (V€ 10 - 

aryJene, -aikylaryiene, or ^aryialkylene; 
M is Mg, Ca, Ai, Sb, Sn, Gc, l! t Zn, Fe, Zr, Ce, Bi> Sn Mn, 

Li, Na, K, or a protonated nitrogen base; 
m is from 1 to 4; 
n is from 1 to 4; 
x is from 1 to 4. 

38. The granular flame retardant composition as claimed 
in claim 1, wherein the composition has a median particle 
size from 200 to 2000 Mm. 

39. The granular fiame-retardam composition as claimed 
in claim l t wherein the composition has an average bulk 
density of from 300 to 800 g/L 

40. The granular flame- retardant composition as claimed 
in claim I. wherein the ratio of the amount of the at least one 



binder to mat of die organophosporus fiame-retardani com- 
ponent is from 1:49 to 1.0.25. 

(0 41. The granular flame- retardant composition as claimed 
in claim 1, wherein the ratio of the amount of the at least one 
s binder to that of the organophosporus fiame-retardant com- 
ponent is from 1:19 to 1:1. 

(H) 42, A dame retardant polymer molding composition com- 
prising a granular toe-retardant composition as claimed in 
claim IS. 

10 43. A flame retardant polymer molding composition com- 
prising a granular flame-relardant composition as claimed in 
claim 1& 

44, A flame retardant polymer molding composition com- 
prising a granular flame-retard ant composition as claimed in 

ls claim 17. 

45. A flame retardant polymer molding composition com- 
prising a granular flame-retardant composition as claimed in 
claim ia 

4& A granular flame-retardanl composition made in 
accordance with the process of claim 22. 

47. A Same retardant polymer molding composition com- 
prising a granular flame-retardaot composition as claimed in 
claim 46. 

25 48. A granular flaioe-ietardant composition made in 
accordance with the process of claim 23. 

49. A flame retardant polymer molding composition com- 
prising a granular flame -retardant composition as claimed in 
claim 48. 
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